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[msm 1 ] 
[m^m 3 ] 

m^m 2 mm^mnm'i^^mmmnmxs^^x . 
mnmmmmmwm. 

m^sn 2 t^m^mnmMmmwmx ^ X . 

ms^nm'Mlim^\k<^m:X^^ 

immn 5 ] 
mnmrnx^^-y x . 

[If ^JI 6 ] 

mMm'{\^mmmnm<^mm^'<^x3h'o x . 

(b) HOie*+t_hic . mji-^^-t ^^^mm^mff^-t ?>xnt . 

(c) B>iieiffl?Li*iic. mmW'^mmw^mn^ "it^xnt 

[m^m 7 ] 

m^m 6 $^m(r)mm-m'{\^mmmmm<^mm.:b'Ax^^x . 

M 3^ ^ -aiL ffl m « H m <?> M at ^ vi o 

Hu ifi ( c ) X ® ti . 

(c-1) Htiis#fLK/i*^-^-tsHtiieiffl?Li*iic. mmmi¥m:<^mm^mA-t^xnt. 

^ « X. S M 1^ m m ffl m » S m CO M it ^ >S o 



[ 0 0 0 1 ] 

[ 0 0 0 2 1 
[ 0 0 0 3 ] 

[^#fF3Ci^ 1 ] nm 2 0 0 4 - 2 1 1 4 -^i>ffi 
[^#fF3Cfi^ 2 ] nm'f 1 0 - 2 9 4 1 1 7 ^1>« 
[^f fF>Ci^3 ] iff ^¥ 5 - 2 9 9 1 0 5 

'I • mmttmm^m^mm. pii-12. ¥;^i5¥12^24h 

[ % Bl^ <;0 ^ ^ ] 

[%Bi^;6^-^v* L ^ 1 1 -f^mm] 

[ 0 0 0 4 ] 

mm-itm^i^ ±^ m t^wf ^ fix fz . 

[ 0 0 0 5 ] 

^is^HHa. ±^Lrz'ift^<^mm^m't^'t^rzdh\z^^^iirz^cox3h^. ^ji'Kmi¥<^m 
jiiHizmmw^mn^ 'tirz'mmmm-^^-t ^mn-mmzisK-^x . mmwm <^ 

mm^mm-t ^rzdb<^^m 

[ 0 0 0 6 ] 

mmm^iiH^zmw ^nrzMmcommwt 

[ 0 0 0 7 ] 

(b) Huie*+t_hic. mji^^-t ^^3iwm^mf^-t ^xnt . 

[ 0 0 0 8 ] 

mt^. mm^^^n ±.\z^i-f^tix^^^rzdb. Mmwm^ALrz:^:^co ^ u 7. - ^^^^ 
00. mmnt-hf^^m^mmitL . ■mmwm<^ntx^i&m't^ztt^x^^. zniz^ 



[ 0 0 0 9 ] 

[0010] 
[0011] 
[0012] 

^mn<:r)mm-m'Mmmnm^m'M^m\zis\.^x . 
mm-mmwitmi^mx^ *) . 
to le ( c ) X s li . 

(c-i) mm^^inmt^i^'t ^mmm3i\H\z . mmmwm^mm^mA-t ^xnt . 
( c - 2 ) mmmm^miiiHizmALrzmm^iiWi^^^m^ ^xnt 

^mx.^ Z t t LT 4;^vn 
[0013] 

zco ^ ^ t^mf^t-t ^ z tx. mnmm.'^Mm^f^rxitmi^x^h^mi^m^ . #?lh 

[0014] 

-f § i^ftrnvtH'S t^r^PMxmM-t ^ z t t^-^mx^h^ , 

[0015] 

'Aiz. i^mn<^mM<^mm^mmmizm-s\^x\iir<^mmxm.m't 
A. mnmm<^mf^ : 

C . m 2 ^]5tei5iJ : 

D . m s mmm : 

E . ff^ 150 : 

[0016] 
A. mnMrn^^Mfi^ : 

mm. ^mncoitfm^j:-mmmx$>^i^mmm^mf^-t ^^^^i 2 0 comfi^<^mm^ 

mh-tmmm^mxsy^. ^^>i 2 0 it. mmnm 2 1 t. m^mnm 2 1 ^nmf^^hmn 

LT-^> K ^ -y ^liit^ff^/j^-t-S .^'^-SAKmS 2 2 , 2 St. c <?) > -y ^ liit ^ ^ 
lb ic Mffi -t -2) X -b u - ^ 2 4 , 2 5 ^ ^ ii X. T ^ o ^ 7. -h u - ^ 2 4 

^^-^w.w^nm2 2 t^mizit. yi<m^^^-t ^mn^^^f^^mm-t ^ ^^^'i 

3 0 i)*Jf^fi^^ tlTv^^o ^X-b^N°U-5'25i: ^X^i(m«2 3 i: <?> ^ icii . 

^#*-t-5^fb^Xij*a3i§i-^m-fe^i^ l*l^fb^X-^^3 2 i)*ff^fi^^ tlTv^S, m 1 Xlt^ 

^'120 Lf-ib*. ^^<7):^^5fe1^J<7>|^;l£|.mrt!ltt . EI 1 <r)^^>i 2 0 ^«S(?tJS L x 

mwtm^^i-fx^B:^^, 

[0017] 

mwH/s 2 1 a. 7K*]g3!Stt^«;s 2 7 1. ■mmMm2 s t^m^x\,^ TK^^iStt 
^«m2 7a. :^mmm'\i'^^'t^^mizj:'^xm!^^ii^mm^^mx^^. TK^jgiitt 



o ilb^vMi. rK-j-i;r^u (V) ^coSjK^R (V(?>fl!l. ^9 y ^9 ^ ti 5 ]K 

^«<7>-^^^*tt LT. i^^'&<i:^^<?^-;^<7)ffl ( ^^^^gmmft 2 2 tJf-t^H) ic P 
d^P d^^ra^ff^fi^L/c^JS^iit- -5 3 t i7*T'§ -So 7Ki^]g3!§'tt^«;S 2 7 iCfcv^T. 
^^'Sr < i: ^ ^'x^li;i(m«2 2 i: tii" § ic. P d (^^vMiP d^^) ^#*-t^ 

tl^m^M i: ^Hx. -5, o :*:^mi^J-?tt. #JLMffi#i: LT«li,^»i^ V ^ ^ ffl T "9 . 
m^Si: tT6tie:d<i^-b>' '^7 A (CSHSO4 ) ^fflV^TV^^c CSHSO4 tts 

[0018] 

T ^ ( EliJ^i±-f ) „ ^'x^iSKmS 2 2 , 2 3 a. ^-b^H*lM5|£|-^'^rLg&3 0 ^§ vMi^ 
-b^u F«ili&fb^:^-^1^3 2 ^ffljg-t^ ^X^^EfC^ i±€. ir^lC _hie fi ^ WIS^ ^ -b U 
- 5^ h<?>^tC<<Vft LTm-^^^f 5^70 :*:^|fe#jTMi. ^ X ^gfc^'ffi 2 2 , 2 3 ^ ^ - /K > 

^ a 7. tc J: ^ 0/3^ L T -5, ^ - #~ > 7 :x h ^ ^ - 4<> - >5r ^' ct) ftlifi cry^^^mVi 

X'lt. ^^mmmm2 2,23 av^-f . mmnm 2 1 i:m-t^fflicM^i;^ffii# ltv^ 

^ij*. ^^mmm.m2 2 tmmwm 2 1 iy^mmm'\±^mm 27) i:(?>figicii. 

tf&v^ 3 i: i: LT t^v^o u^Lfz^ 1 iz . ^mmM'\i^mm 2 7 commit, tk*^^^ 

[0019] 

^^<L - 9 2 4 , 2 5 (^mm\zit . fz^^ >i if^^wim 3 0 ^^^^'i i^mit^f 
J: mm.^firz^mmn'km^^^ z t ^^mx^^o 

[ 0 0 2 0 ] 

n^^fb^'x t Lxit. mx.it^M'km^'' ^ z t 

[ 0 0 2 1 ] 

B . Mit^-a : 

lilTlc. m-b^i^ 2 0 <?>»!aHX^^mBHi-^„ iiiT. -^^SJS 2 1 ^^xJi;iC'^«2 2 . 
2 3 T'«J# L fcliit^ . MEA (Membrane Electrode Assembly) t0J^. m 2 It . ME 

[ 0 0 2 2 ] 

MEA^ftR^-t-SFitca. ^-f. Tkmgliitt^flli 2 7 ^mM-f^ ( 7. ^ .y 7' S 1 0 0 
) » *^]5£l5iJTtt. TK^SiStt^Wll 27^LT. (Gd) ^mi^H^^T 

8%#*-tSP d^^ib-'b^^) . j?^ 4 0 M miO^JMffi^fflig LTv^S, 
[ 0 0 2 3 ] 

iXiz. y^"^ V y s 1 0 0 xmMLrzy^mmy&'\±^mm 2 7 ±\z . ^^mm^w^f^-t ^ ( 
7. ^ -V 7- s 1 1 0 ) o L J: -7 ic. ifm:mM X'\t. n ^u^m >• v ^ ic ^ t ^^iwm 
^mfi^Lx\.^^o n^i^mi^ ') ij^m^r^f^-t ^\zit. t-f. 7wx- -y ^ -ate j: ^ . ^fbi* 

( F e 0 ) ^fb ^ * ( S i 0 2 ) t i^-^ 7 : 3 iOWl^XU^ ^ ilfzU^^^ 9 - Y -y h 

tLx. y^mmm'\!iL^mm 2 7 ±.izf^m-t^. ykiz. ±m&^m^f^mLrzy^mmj^'\±^ 

mm 2 7^. ^^4^6 0 OrT'2 ^^J^/^LT. F e O tmit^ -f*Si02 t^ft^fb 



JLM Ji It. IB ^ j? ^ ^ (i^ ic aii -t ^ Mil JL>b^-MMiJ mizmm.^ fitzmm.^^ LXv^ ^ . 
[ 0 0 2 4 ] 

^?Ls;s^ff^fi^-t-5 . iXiz. ^3iwm<^mii\Hiz. mwHT^-s c s hs o 4 ^stt 
$-t±^ ( .y 7's 1 2 0 ) o M#e^ici±. ^3iwmi^^mf^Lrzi<mmm'\±^mm 2 7 

^ . C s H S O 4 y^mm ( 5 0 w t %) M^^X^ b ^mMULX . m^l\H\zC 

s H S 0 4 y^mm^mX-t ^ . ^n^X 9 0^2 mm^m ^ -tfT . 0JLrt ic C s 

HSO4 ^g^#$^±. m»Mg^2 8 ^mf^-t^o ZillzX . Tk^jgiitt^fMB 2 7 i:m 

2 s t t-^fi^^mmwrn 2 1 

[ 0 0 2 5 ] 

"^^^HJs 2 1 ^mn-t^ ^iiz. mm^mn-t ^m^mmwm 2 imiz\^nx 

is 7n ^smmti 2 2 > 2 3^ le^ t t ( x ^ 7- s 1 30) . m e a ^ tt ^^-t ^ « m # ic 
ti. Affile a^^ffitf ^ -tf ^- *^*^#ir-t s X h ^ 2 ft<^ ^- ^ a 7.1. 

ic M ^fl L . M S i?^' ^ ti ^' tim W H W 2 1 iJJ ^ l^>] < J; ^ ic. 2 1^ ^ - *~ > ^ t3 7. ^ ffi 
T M )1 2 \^\%^ )^^\ 5 0 °C . 1 t o n / c m 2 * T 5 Pi^ * -y h 7° U 7. ^ 

[ 0 0 2 6 ] 

U - 5^ 2 4 . 2 5 ^le^ LT^-fe^^ 2 0 ^ff^fiK L . ^ ic C ^ -fe J^ 2 0 ^ m^fC^tlS "t 
[ 0 0 2 7 ] 

[ 0 0 2 8 ] 

CSHS04 co^i •^j:mi¥m^m^'^^m^izit. mi^mit^mmnmmxmmw t lt^^ 

ffiv^^ z hx. vt^<r)mwmitmmmnn'(^\z\t-^x . ^ ^ f&v^si^ imx.\t 150-4 
Mi^'^-atLictt'^T. mm.mvi\zm^^ti^mm'^<^i%^\^'b^^<i-£^fz^. ViWmn<^n 

iSib»ii L . =1 X h ^iJMiJ^HTIIt ^fz. 1 5 0 --4 0 0 °C i: 7 l^*^-m-afe<^SSIB 

H . ^ ^9 ) - >v . ^9 ) - 'V ^ ^v^ \t i; ^ ^ - ^ >v ( D M E ) ^ <7) hbi^ {& S T 3c 

[ 0 0 2 9 ] 

^fz. mwmit. 7Kic>g» L^-tv^ ^ 7 'liM^^- LT § :^^m#J <7> M5fs|-'B:-a!lT' 
a. mi^mt^^>i\Hmnif^-^Wimt^mizmmt£y^mi&m'\±^mm 2 i ij^^t±-f ^tzi^ 
. mf\is 7-^irm\H<^^^\z ^ ^nm'K<^'Bm^mit't ^ z hij^x^ ^ . ^^fe. m^^a. 
mnm'M<^mtr.u^hnu}i<D'mx±% < mn^it-t^ 7ttK^*-t^ ^^iwrn 
i^^m3i\^\zmn-t ^ z tiz ^ ^ . mi^m^mmwt Lxm^-^^m^iz. mmw^mnm 

[ 0 0 3 0 ] 



c . m 2 mmm : 

[ 0 0 3 1 ] 

ME A^i'pf^-t S ^ic It. ^-f. y^m^m'\±^mm 2 7 ^ffl,s,-t § ( 7. 7- s 1 0 0 
) o :^^mi5iJTli. 7K^3!l3i'l4^«;i 27i:LT.$S(Ag) ^ili^W^^T' 2 3 
-t-S P d^^^^-^^fiK ^ . 4 0 M m<7)^«fg^ffi,W. LTv^^c 
[ 0 0 3 2 ] 

l^ti^fbT^b 5 •^</)li^ff^/3^i--5 ICli. t-f. 7x -y 57 >3^lC ^ , ]? $ 5 M m T 

mitm^<^^^\z^^mtn'^mx^^i)^. -^^^umxit. -r >i ^-^ um^i^ij^mit^n 

X. mm^w\zibrz^xnmKh^mm.^ii^ ^'7\z^mmitm^^nt^^x\-^^. umm 
it<^'^. hw.mitT >i ^ um^ ' ^ ^ -um'u.^Mmx:^v ^lx ALt^nm 

[ 0 0 3 3 ] 

^jimm-^mf^-t ^ t . )xiz. ^?iwm^m^i\Hiz. mmnx$^^ ') z^m^.^m'^ziy o 

u ( C s H2P O4) ^iSJf ^ -tt^ ( -y -7°S 1 2 0) o M#:fl5lc«. #?LHffi#^ff^fi^ 
L/i:7K*]g3!itt^Wm 2 7^. C s H2P 0 47f<^Si* ( 2 0 w t % ) tcM«L. W^^X b 
^^^mm. LT-WJLrtlc C s H2P O 47K7gi?a^ipA t . ^</)^. 9 0 °C 2 ^fl^^tt 

$ -tt^ o 3 c^^gvt ^ ^itiOXfe^ 3 ^) .tM L T . ffflJLrt ic C s H 2P 0 4^ffitf ^ 1± . m 
^Sg^2 8^ff^;3X-tSo cntcJ;»). Tk^^iStt^WB 2 7 i:«»kg|5 2 8 i: fiX -5, « 
WS/S 2 1 )b^-fcl3^ ^ tl ^ o 
[ 0 0 3 4 ] 

^<7>^. mi ^5tel5iJ [a] tile, >y 7°S 1 3 0 ^ tf o T M E A ^ ^/i^-t -5 o ^<7>^ 
. *^m#iJTli. ^ - ^ u 7s i: Mi 0 ^;b-t±^ /ca6<?:)m^S;B 2 1 <r>m \l\z . C s 
H 2 P 0 4 7K>§i:fe ^ -iiS T L T . * >y h 7° u 7s ^ ff 4' o T ^ , ± IQM E A ^ ft "t § J; 7 ic 
^■7s^^x-U-5' 2 4 . 2 S^^i^lcE^LTili^i^i. 2 0^ L . 3 I|i -b ^^ 2 0 ^ Pif 

^liis LTMi^m-aii^ffl^3AT-2,» \:xh<ry ^n\zmm.^nrzm2m,um<^m.mn.'^^% . m 

[ 0 0 3 5 ] 

D. ms mum : 

mmm^m$\-m'i\}Ltmn<^mm^^ tx is ^ . mm'Mm2 i ^mi^nnrzi^f^mtt: ':>x^'^ 

-^^fzib. m 2 \zmr)\^x . ME A<^mMxmz^\^x ^ A^Mm-f ^ . 'Sfc. m 1 
mm tnm-t^m^\z^\^xitm c^mm^^t^ Lxmm^'^^m-t 

[ 0 0 3 6 ] 

ME A ^i'ff^-t ^miz It. . 7K*]g®'l4^«JS 2 7 ^ffl^-t-S ( x ^ >y 7° S 1 0 0 

) o ^^SSfJTtt. -■y^^^ (Ni) ^j^TW^^T- 8 %#*-t ^ V^^tg^fFM L . c 

^^m^mmiz . Mmm^-y biz ^ 'o o . 3Mm<^]?^TP d/s^ff^fiS<L/iP d/v 
-N i/p dH«)s^. ^mmm'\±^mm 2 7 1 LxmMLxv^ 

[ 0 0 3 7 ] 

'Aiz. V -^^ s 1 0 0 xmMLrzy^Mj&m'\±^mm 2 7 ±iz . ^^mm^kw^^-f^ ( 



j?^10Mmc/)*^^-f^^'^X(SiO2=67. 4%. 6203=25. 7%.Na2 

o = 6 . 9 %) <^m^y^m':&m'\±^mm 2 7 i-icf^m-t^o ^ic. ^ -r^^^^ 

[ 0 0 3 8 ] 

K3H ( s o 4) 2 ) ^nn^ -tf^ ( -V v-s 1 2 0 ) o M#e^ic ^jinmi^^mr^ 
Lrzi<mmm'\^^mm 27%. k^h (S04) 2 ( a 0 w t %) ics« l . + 

T 5 ^^]RgLTlfflJLl*llcK3H (SO4) 2 ^^^^S^iP A^t ^ o ^M + T-O 0 °C 

2 Kffig^l:^ $ -t±^„ ^<7>^s + 0 r 2 K5p^^j;t $ -t±T . ffflJLl^lcKgH (SO4) 

2^iatf ^ -tf. mmmm 2 s^mf^-t zniz^^ . >i<mmm'\t^mm 2 7 tm^ss^ 

2 8 i: '^/j^^mWMB 2 1 t)^^f^^il^. 
[ 0 0 3 9 ] 

^ ^ ^ . m 1 ^mi5y fB] ti ic. 7. -y 7* S 1 3 0 ^ tf 'Sr o T M E A ^ TT fiK L . Z^ME 

A^tttf -r ^ J: 7 IC ^X-fe^N" U - 5^ 2 4 . 2 5 ^ge^LT^-b^^ 2 0 ^ff^fi^ L . $ IC C 

[ 0 0 4 0 ] 

;^fS]iC3iM-t-5lffl?L)!j^ff^fi^^ tiTv^^ *ffl?Lp«g icffitf ^ -t± ^ IM^ietc J: o T . ^i?;^ 
[ 0 0 4 1 ] 

E . ^mm : 

[ 0 0 4 2 ] 

El. ^r^m 1 : 

mi v-^ LI? 3 ^mfj<?> 7. ^ -V 7"s 1 2 0 -e. mmw^^^-t ^mm^iz^^iwm^m 
m'^mt ^j:^mmwm2 s t^mi^^ ntut 

[ 0 0 4 3 ] 

E 2 . ^mm2 : 

m 2 ^]5S#J<7> 7^ -V 7- S 1 3 0 ic v^T . 7x K Ji i: * -y h 7' l 7. ic^jV o 

KH 2 1 Jilcm^HvSi^^iiiT L T ^ z (T) xn^^^^lt . fflv^ ^m^H ( 

iiSTi-'g.x^ii. ^xii£;mm«2 3 xizmtf ^ iitzmim tmmw t comm^kBu-t ^ fzdb 
co^cox$^*). mmtmmwtcDmmi'kmu't^ztx. ■m^it^jxmco^.izn. 
mMm2 3 text LT X A- 7;-[c 7" u h y^m'^^^mt^^?>. m^-^^mmn 

^) <^ Sifi ."^^ . * -y h 7- u 7.(^fi)tlc J: o T . 5ttS L S # ^<?> ^ ® ff - * -y h 
[ 0 0 4 4 ] 

E 3 . ^mm 3 : 



[ 0 0 4 5 ] 

E 4 . ^mm 4 : 

m 1 4-^^ urns ^mmxit. mmwm 2 1 \zh-\^x yi<mj&m'\±^mm 2 7 it-r j - \^ m 

ic le^ $ tl T -5 -r ; - H fij c;^ E a t ^ V - H fij <^ IE g i: ^ A n # X. -5 C i: t L T ^ 

J: 7 \zmmwm 2 1 ^ss^ lt ^^v^o 

[ 0 0 4 6 ] 

E 5 . ^mm 5 : 

rzf]-\ m^^ ^mm^mmnmmn^mn^ ^ z 1 1 Lx mz.it. m^ik^m^. 
y'uhy '{Km'\±nmmtLxmv^. ^^imm'^m^iiHiz^m't ^ z 1 1 lx ij^v^. mn 
m'f^kmMmnm^i'pms^izm^ikx^^mm'Kx^hrLit. mum^mi^mizi\x.x m^^^ . * 
mncomPfm'<\kmmmwm<^m7^n'{t:'kmm-t ^ z ti)^x^ i^v^comt txit. 
It. mm. ')ym. mMmm^mm^. t^^m^^'mtj^mi-fhn^. zco ^ ^ iz^-mmiz 
m^ikxs^ ?>m^mmw t lx m^^ ^m^izit . ^tm^ iz is n ^ '^VKmmw<^ ^^iwm h 
comniiiL^. mmtcmuiz J;: wx.^ z tt^x^ 

[ 0 0 4 7 ] 

E 6 . mmme : 

mitm^ ir y^m'W.^^-f ^-mmnh LX\t. -i v V ^) -r^-^it^J >i ^--r (YSZ) 

ip^'Sr ^- . ft ❖ <?>-fe ^ 5 -V ^ y-^m\\Lm ^ y ^MW^W^\'^ h Z >i 1^^X % h . Zo^m^\z\t 

^±^«»M^LT. sw^^ii t Tmmfb^jxit^c^^ ii^m.%tz\tm^) <^m 

■So ^*]g3!itt^^-t i^J^li\ A g ft^ '^fi^S JoS vMiL a 0. 7S r 0 

. 3G a 0. e 0. 4O 3i?^'b/i^^^*D#lc J; o Tf^fi^i"^ C i: t>^X% -So 
[ 0 0 4 8 ] 

fR^ntc -yx . m3i\HizmALrzmmi¥t^^pffmcommn^mfi^-ttnt 

[ 0 0 4 9 ] 

E 7 . ^ff^l^ij 7 : 

Mg^g^tc^fes^^co ^ :r>-f54i'i4 (\Hm\zmn-t^mmwtmn(^^tyi^m'\^) ^ 
ft-^ L ^c#3^fc J: ^xmm.'t^ z h ^^mx^^. 

[ 0 0 5 0 ] 

[0 1] ^|i^^^^2 0<7>lii3^<:^t[l&^^^-tl)f®1^i^llT"*>-5.o 

[02] WE A<r)mm.Jiu^^f^-tm.mmx^^ . 

[ 0 0 5 1 ] 

2 0 - m -b ^1- 



2 1 -nmnm 
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2 4, 2 5 - ^X^^^N- U - 57 

2 7 - 7K^Sii'l4^«;S 

2 8 -M«Mg|5 
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3 2 - ^-t ^1. rtiefbxf 
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